Some time in the early 2000s, the word "theranostics" (or "theragnostics") started surfacing in the medical literature. Theranostics (from the Greek therapeuein "to treat medically" and gnosis "knowledge") is the use of individual patient-level biological information in choosing the optimal therapy for that individual [1] . In the modern era of "personalized medicine", theranostics is increasingly pursued in many branches of medicine in order to develop ever more effective treatment regimens. There are now many studies and reviews dedicated to theranostics, and even a journal bearing the name of this principle, detailing many different concepts on how to combine imaging and therapy using, for example, complex molecules [2] or nanotechnology [3] .
However, it is rarely realized by either clinicians or scientists that nuclear medicine has been employing theranostics for nearly 80 years now. In fact, the very foundations of targeted therapy in nuclear medicine are those that are only now being adopted by other medical disciplines under the designation "theranostics".
The cornerstones of theranostics can be traced back to some of the most illustrious names among the founding fathers of nuclear medicine. Soon after Chiewitz and de Hevesy [4] described the uptake of radioactive 32 P in the bones of rats, Erf and J.H. Lawrence (brother of the physicist Ernest O. Lawrence, who built the first cyclotron) applied this same radioisotope to patients suffering from leukaemia and polycythaemia vera [5] . Although this treatment certainly was not without success, it has since been superseded by more effective nonradioactive chemotherapy. Shortly afterwards Pecher [6] discovered that 89 Sr accumulated in secondary bone tumours in animals, and subsequently successfully used this radioisotope to treat patients with painful bone metastases (unfortunately this work was immediately classified as secret and it took more than five decades for 89 Sr to be registered as a therapeutic drug). These two studies are perhaps the earliest examples of diagnostic studies leading to targeted therapy of cancer using radionuclides.
Around the same time the most prominent example of pure nuclear theranostic medicine emerged: the diagnosis and treatment of thyroid disorders using various isotopes of iodine. Hertz et al. in 1938 described the first study of thyroidal radioiodine uptake [7] , and in 1942 Hertz and Roberts reported on the treatment of the first patients with Graves' disease with radioiodine [8] . A short time later Seidlin et al. treated the first patient with metastatic thyroid cancer with radioiodine [9] -at the time this compound was so rare that radioiodine was purified from the patient's urine and readministered. During this therapy, additional metastases were identified using a Geiger counter and the first rudimentary dosimetry was performed. It is of course only with the benefit of hindsight that we can now say that this was the first application of theranostics in targeted molecular medicine through a specific molecular target, the sodium iodine symporter, long before any of these concepts were first described as "theranostics". Indeed, even today it is hard to think of a single combination of targeted diagnostics and therapy that is more specific than radioiodine. Since then radioactive iodine has been clearly established for pretherapeutic dosimetry [10] and for the therapy of benign and malignant thyroid disease, as well as for posttherapeutic diagnostic imaging during follow-up in the form of diagnostic whole-body scintigraphy. It is likely that in the future the use of radioactive iodine for treatment of thyroid diseases can and will have to be personalized further in order to optimize the chance of therapeutic success [11] , possibly in combination with other therapeutic agents [12] . Another proven approach is the labelling of other substances with 131 I. Metaiodobenzylguanidine (MIBG) [13] in the diagnosis and treatment of neuroblastoma, phaeochromocytoma and paragangliomas and the 11-β-hydroxylase substrate 131 Iiodometomidate for targeted diagnosis and radionuclide therapy of advanced adrenocortical carcinoma make use of the same theranostic principles [14] .
A further excellent example of theranostics in nuclear medicine, that was introduced much more recently, concerns the diagnostic and therapeutic targeting of the somatostatin receptor. First developed in the late 1980s, the original concept was to perform both imaging and therapy in patients with neuroendocrine tumours using 111 In-labelled octreotide (a somatostatin analogue) [15] . Although [16, 17] were more successful alternatives for peptide receptor radiotherapy (PRRT) in patients with tumours positive for somatostatin receptor had been diagnosed with 111 Inoctreotide. Personalization of PRRT, for example to ensure that the critical dose to the kidneys is not exceeded, can be performed using dosimetry with 111 In-octreotide or 86 Ylabelled DOTATOC/DOTATATE [18] . Posttherapy dosimetric monitoring has also been reported extensively [19] .
More recently new indications for PRRT, such as for the treatment of meningeomas, have emerged [20] . In this indication, it was found that the delivered dose of PRRT of meningeomas could be predicted even when the somatostatin analogue was labelled with the short-lived positron emitter 68 Ga [19] , opening up the possibility of better selection of patients for PRRT on the basis of quantitative analysis of a single diagnostic DOTATOC/DOTATATE PET/CT scan.
Aside from using nuclear medicine methods in the selection for and monitoring of radionuclide therapies in patients, the principle of nuclear theranostics is arriving in oncology as well. In recent years, a 99m Tc-labelled chemotherapy analogue was developed which can be used for the selection of patients with tumours expressing folate receptors, enabling the selection of those patients who will benefit from chemotherapy with folate receptor-targeted agents while sparing those patients who do not express this receptor a potentially toxic but probably ineffective course of treatment [21] .
The concept of theranostics in nuclear medicine can even be expanded well beyond the specific transporter or receptor based diagnostics and therapies. In the broader sense, the use of 18 F-fluorodeoxyglucose (FDG) PET/CT in oncology is a form of theranostics, especially when linked to a decision on therapy. This is especially evident in, for example, modern protocols for the treatment of lymphoma, where the decision on additional treatment with, for example, external beam radiotherapy (EBRT) depends on whether FDG-positive lesions are still present after a number of chemotherapy cycles [22] . In modern EBRT, PET/CT using various tracers such as FDG or 18 F-fluoroethyltyrosine is also a clear diagnostic test which is linked to a specific therapy, as modern radiotherapy approaches use PET/CT for planning the extent of EBRT, as well as to determine where an additional radiation boost needs to be applied in intensity-modulated radiotherapy [23] .
In addition, a third aspect of nuclear medicine that is hidden that is in the word "theranostics" as much as therapeutics and diagnostics is prognostics. Many diagnostic tests in nuclear medicine are associated with a clear prognostic stratification. For instance, after 131 I ablation a negative first diagnostic whole-body 131 I scintigraphy in combination with a negative thyroglobulin level and a negative ultrasound scan of the neck not only indicates that no further 131 I therapy is necessary but is also clearly associated with a lower risk of tumour recurrence and thyroid cancer-related death [24] -especially in pretherapeutically high-risk patients, in whom the risk of recurrence or death from thyroid cancer is reduced to that in pretherapeutically low-risk patients [25] . In another example, FDG PET/CT for many indications has clearly been shown to be associated with prognosis, either through uptake intensity or through metabolic volume, in a range of cancers encompassing nearly the entire spectrum of medical oncology, including primary examples such as lung cancer [26] , breast cancer [27] , oesophageal cancer [28] and lymphoma [29] . This may also hold true for other PET/CT tracers such as FET [30] .
The above is just a small selection of an ever-growing number [31] of examples which clearly illustrate that nuclear medicine has had both a rich history and an exemplary role in establishing the basics of the theranostic concept as well as in the development of personalized medicine in general. We as nuclear medicine physicians should recognize and use this to gain a central role in the future development of new theranostic approaches in personalized medicine.
